The inbound and outbound traffic flow characteristic of a campus is an important physical component of overall university setting. The traffic circulation generated may create indirect effects on the environment such as, disturbance to lecturetime when traffic congestion occurs during peak-hours, loss of natural environment and greenery, degradation of the visual environment by improper or illegal parking, air pollution from motorized vehicles either moving or in idle mode due to traffic congestion, noise pollution, energy consumption, land use arrangement and health effects on the community of Universiti Putra Malaysia (UPM) Serdang. A traffic volume and Level of Service (LOS) study is required to facilitate better accessibility and improves the road capacity within the campus area. The purpose of this paper is to highlight the traffic volume and Level of Service of the main access the UPM Serdang campus. A traffic survey was conducted over three (3) weekdays during an active semester to understand the traffic flow pattern. The findings on traffic flow during peak hours are highlighted. The conclusions of on-campus traffic flow patterns are also drawn.
INTRODUCTION Traffic Counting and Survey
Enumerators were located at the strategic locations identified including entrances, junctions, non-signalised intersections and significant points of potential traffic conflicts to conduct three (3) days of traffic counting during the peak hours of morning, noon and afternoon of during an active semester.
Passenger Car Unit
The urban standard of Passenger Car Unit metric was used to assess the traffic flow of the UPM Serdang campus. The value of PCU Equivalent for Urban roads is taken as: 1.0 for car/axi (4-wheelers), 0.75 for motorcycle (2-wheelers), 3.0 for bus/lorry and 0.2 for bicycle.
Level of Service
A standard Level of Service (LOS) from the Public Works Department of Malaysia is referred to assess the LOS of road service in UPM main campus, as shown in the Table 1 . Malaysia (1986) RESULTS AND DISCUSSION Traffic Volume Table 1 , 2, 3, 4, and 5 shows the results from observed traffic volume by hours at five (5) main accesses of the UPM Serdang campus during weekdays of an active semester. Four types of transportation modes (car, motorcycle, bus and bicycle) are identified passing through the main road and entry points to the campus. The hourly variation of traffic volume (Table 1) at Gate 1 Pintu Anjung Putra indicate that the maximum number of vehicles entering the UPM Serdang campus via this entrance was 944, between the hours of 7.00am-9.00am (Thursday), and the maximum number of vehicles leaving the campus via Gate 1 was 1,045, between the hours 4.00pm-6.00pm (Wednesday). At Gate 2 (Table 2) , the maximum number of vehicles observed leaving the campus via this entrance is 1,397 at 4.00pm-6.00pm (Wednesday). Gate 3, another inbound entrance of the campus, shows the maximum number of vehicles entering the campus via this entrance is 1,136 at 7.00am -9.00am on Thursday (Table 3) . Meanwhile, the volume observed at Gate 9 (Table 4) shows the maximum number of vehicles entering the campus via this entrance was 1,320 at 7.00am-9.00am on Wednesday, whereas a maximum of 1298 vehicles leftthe campus at 4.00pm-6.00pm on Friday. Table 5 illustrates that a maximum of 1,028 vehicles were observed entering the campus through Persiaran Universiti 1. It also shows that 1,052 vehicles left the campus via this gate, and 1,043 vehicles passed by using the same entrance. Overall, the highest mode of transport passing through the campus road and entry points was car, followed by motorcycle and bus. This is due to the lack number of public transportation services entering the campus, as well as the location of the campus, which is far from the nearest rail services. The residential area and institutional zones that located nearby also contributes to the daily traffic flow around the campus access road. Table 8 summarises the peak hour PCU's at the main access of the UPM Serdang campus during a specific identified time. The maximum vehicles counted for inbound traffic was 1,320 vehicles at Gate 9 from 7.00am-9.00am (Wednesday), whereas the maximum vehicles counted for outbound traffic was 1,397 vehicles at Gate 2 from 4.00pm-6.00pm (Wednesday). 
The volume/capacity ratio was determined to calculate and the LOS based on peak hour service. Table 9 presents the findings on LOS of the main access to the UPM Serdang campus, which show this to be between C and D, indicating a stable flow, or stable flow but close to congested road capacity during the peak hours. Table 10 summarises the maximum total of inbound and outbound traffic, as well as pass-by traffic volumes at the main access of UPM Serdang campus over 18 hours of traffic count. The maximum total inbound of traffic volume at the main access of the UPM Serdang campus was 7,581 vehicles at Gate 3 with B LOS of hourly road service. On the other hand, the maximum total outbound of traffic volume over 18 hours of traffic count at the main access of UPM Serdang campus was 10,295 vehicles at Gate 2 with B LOS of hourly road capacity. Meanwhile, the total pass-by traffic volume at Persiaran Universiti 1 was 6,318 vehicles with A LOS of hourly road capacity. These traffic flow findings of the UPM Serdang campus may differ from other university campuses, particularly in Malaysia, according to the geographical setting of the campus, road and traffic system design, total campus population, and other factors, such as the location of nearby public transportation services and in-campus residential policies. The size of the campus, building layout and master plan also significantly contribute to the traffic flow and levels of service of the road. For instance, the traffic condition in International Islamic University Malaysia (Abdul Azeez, 2011) showed similar findings with UPM Serdang's traffic flow. This similarity may be caused by a similar population range and the location of the public transportation system, e.g, rail services that are far from the campus. Hence, other factors, such as the different traffic movement systems in both universities, are not significantly contributors. Meanwhile, other universities such as the University of Malaya, Universiti Kebangsaan Malaysia, etc. may have different traffic movements, depending on these contributing factors.
CONCLUSION
This study was conducted to analyse the traffic characteristics of the UPM Serdang campus. The following main conclusions are drawn from the work:
1. As per the data collected from the traffic volume study fover 18 hours of counting, it was found that the maximum number of vehicles arriving at the campus was 7,581 entering the campus through Gate 3 Pintu CIMB and 10,295 vehicles leaving the campus through Gate 2, Pintu Assam Jawa.
2. The minimum traffic (over 18 hours) observed was 4,981 inbound campus traffic through Gate 1 Pintu Anjung Putra, and 4,667 vehicles leaving the campus using the main road, Persiaran Universiti 1.
3. The traffic composition of the vehicles arriving and leaving the campus comprised cars at 50-70 percent, motorcycles at 20-40 percent, buses at 5-10 percent and bicycles at 1-2 percent, from all main accesses. 4. The peak hour of the traffic entering the campus was found to be between 7:00am-9:00am on Thursday at Gate 1 (944 vehicles), Gate 3 (1,397 vehicles) and Persiaran Universiti 1 (1,028 vehicles), and on Wednesday at Gate 9 (1,320 vehicles).
5.
The peak hour of traffic leaving the campus was found to be between 4:00pm-6:00pm on Wednesday at Gate 1 (1,045 vehicles), Gate 3 (1,397 vehicles) and Persiaran Universiti 1 (1,052 vehicles), and on Friday at Gate 9 (1,298 vehicles).
6. The level of service as calculated for all main access of the UPM Serdang campus was found to be between C-D level of service against all the peak hour traffic.
7. More vehicles entered the campus through Gate 3 (7,851 vehicles) and more vehicles leave the campus through Gate 2 with 10,295 vehicles observed over 18 hours.
8. The comparative study between different university campuses is suggested for future research to identify common on-campus transportation system issues and develop sustainable transportation campus indices.
